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EXPERIMENTAL I NVEST I GAT I ON 

OF A W23W TYEE OF 

L O W - D U G  WIBG-XACELLE COMBII~ATION 

B y  H ,  J u l i a n  A l l e n  and C h a r l e s  W .  F r i c k ,  Jr, 

.The r e s u l t s  of  a n  e x p e r i m e n t a l  i n v e s t i g a t i o n  o f  t w o  
new-type low-drag wing-nace l le  u n i t s  s u i t a b l e  f o r  u s e  w i t h  
pusher  - p r o p e l l e r s  a r e  g iven .  T h e  t e s t  'data suppor t  t h e  
fundamenta l  d e s i g n  p r - i n c i p l e s  i n  i n d i c a t i n g  tha t  

1. B y  making t h e  nose o f  t h e  n a c e l l e  and  t h e  l e a d i n g  
edge o f  t h e  w i n g  c o i n c i d e n t ,  t h e  t r a n s i t i o n  
from l a m i n a r  t o  t u r b u l e n t  f low a t  o r  near  t h e  
common lsose is a t o i h e d ;  and 

2. B y  p rope r  c h o i c e  of .  t h e  shape o f  t h e  n a c e l l e ,  t h e  
minimum p r e s s u r e  point and t h e  p r e s s u r e  g r a d i -  
e n t  a r e  such  t h a t  t r a n s i t i o n  i s  made t o  occu r  
a t  or beh ind  t h e  t r a n s i t i o n  p o i n t  on  t h e  wing. 

The drag inc remen t s  due t o  t h e s e  n a c e l l e s  a r e  r educed  t o  
f r o m  one-half  t o  t w o - t h i r d s  of t h a t  o f  c o n v e n t i o n a l  na- 
c e l l e  forms.  

The Sn t roduc tdon  o f  t h e  n a c e l l e  on t h e  wing 

1. reduced  t h e  c r i t i c a l  speed  as e s t i m a t e d  from sub- 
c r i t i c a l  p r e s s u r e  measuroments;  

2 .  i n c r e a s e d  t h e  maxiinum l i f t  c o e f f i c i e n t  of t h e  u n i t ;  
and 

3. produced no  a d v e r s e  e f f e c t s  on t h e  l i f t  and moment 
c h a r a c t e r i s t i c s .  

The measured s u b c r i t i c a l  p r e s s u r e  d i s t r i b u t i o n s  i n d i -  
c a t e  t h a t  t h e  c r i t i c a l  speed o f  t h e  j u n c t i o n  of such wing- 
n a c e l l e  u n i t s ,  u s i n g  t h e  ' ; s u p e r p o s i t i o n  method" of r e f e r -  
ence 1, w i l l  be c o n s e r v a t f v e x y  p r e d i c t e d .  
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I X P R O D U C S I O N  

In a boundary-layer i n v e s t i g a t i o n  o f  a t y p i c a l  wing- 
f u s e l a g e  combina t ion  ( r e f e r e n c e  21, i t  was found t h a t  a t  
p o i n t s  d i s t a n t  f r o m  , the  juhbtFon o f  t h e  wing and f u s e l a g e  
s u r f a c e s  t h e  t r a n s i t i o n  p o i n t  was w e l l  back o f  t h e  wing 
l e a d i n g  edge ,  Howevep, a's t h e  . junc t ion  was approached ,  
t h e  t r a n s i t i o n  p o i n t  moved fo rward  u n t i l  a t  t h e  surface 
j u n c t i o n s  . t h e  t r a n s i t i o n  p o i n t  w a s  at  t h e  l e a d i n g  edge o f  
t h e  wing. I t  is e v i d e n t  t h a t  t h i s  f o r w a r d  movement o f  t h e  
t r a n s i t i o n  p o i n t  promotes  a n  i n c r e a s e  i n  d r a g ,  T h i s  fn-  
c r e a s e  i s  due, i n  p a r t ,  t o  t h e  f a c t  t h a t  a p o r t i o n  o f  t h e  
s u r f a c e ,  which i n  t h e  absence  o f  t h e  f u s e l a g e  w a s  sub- 
j e c t e d  t o  on ly  t h e  szall s h e a r  or" a l amina r  boundary 
l a y e r , .  i s ,  i n  i t s  p r e s e n c e ,  subject .ed t o  h f g h e r  s u r f a c e  
s h e a r s  accompanying t h e  t u r b u l e n t  boundary l a y e r .  More- 
o v d r , ' t h e  i n c r e a s e d  s h e a r  over  t h e  f o r w a r d  s u r f a c e  of t h e  
a i r f o i l  p romates  a n  i n c r e a s e  i n  t h e  boundarx-layer  t h i c k -  
nes s  a t  t h e  minimum p r e s s u r e  p o i n t .  This  i n  turri  h a s  an 
a d v c r s c  e f f e c t  on t h e  r e c o v e r y  of  p r e s s u r e  back o f  t h e  min- 
iaum p r e s s u r e  p 'o in t  s o  t h a t  z n  a d d i t i o n a l  pressure drag i s  
e x p e r i e n c e d  n e a r  t h e  J u n c t i o n  o f  t h e  b o d i e s .  

The drag i n c r e a s e  w i l l  c l e a r l y  not  be s e r i o u s  f o r  t h e  
j u n c t i o n  of  a h i g h  f i n e n e s s . r a t i o  body, 'such as t h e  u s u a l  
f u s e l a g e ,  w i t h  a wing hav ing  t h e  c o n v e n t i o n a l  a i r f o i l  See- 
t i o n s  w i t h  t h e i r  f o r v a r d  mznirnum p r e s s u r e  p o s i t i o n s .  €low- 
e v e r ,  f o r  t h e  combina t ion  o f  a l o w  f i n e n e s s  r a t i o  body, 
such  a s  an  o r d i n a r y  n a c e l l e ,  w i t h  a low-drag wing, t h e  d r a g  
i n c r e a s e  m a g  assume c o n s i d e r a b l e  impostzfico , T h i s  f o l l o w s  
because  t h e  f o r w a r d  movement o f  t h e  t r a n s i t i o n  a t  t h e  junc- 
t i o n  m b j e c t s  a g r e a t e r  p o r t i o n  of  t h e  s u r f a c e  t o  the h i g h e r  
shea r  accampanying t u r b n l e n f ;  f l o w ,  and  because  t h e  a d v e r s e  
g r a d i e n t  af t  of minimun? p r e s s u r e  p o i n t  i s  o f  n e c e s s i t y  
g r e a t e r  and  t h e  p r e s s u r e  r e c o v e r y  on b o t h  wings and n a c e l l e  
n e a r  t h c ' j u n c t i o n  i s  Less comple te .  

A method f o r  p r e v e n t i n g  such psernature t r a n s i t i o n  and 
t h e  r e s u l t i n g  i n t e r f e r e n c e  drag i s  p r e s e n t e d  i n  t h i s  r e -  
p o r t ,  Expe r imen ta l  r e s u l t s  of  a n  i n v e s t i g a t i o n  o f  a com- 
b i n a t i o n  of a Wing and short  body of r e v o l u t i o n  d e s % p O d  
t o  p r e v e n t  such i n t e r f e r e n c e  a r e  p r e s e n t e d .  I n  t h e  c o u r s e  
of  t h e  expe r imen t s ,  p r o s  sure d i . s t r i b u t  i o n  measurements were 
made 00 t h e  wing a l o n e ,  at t h e  wing-nace l le  j u n c t i o n  a n d  
a l o n g  t h e  t o p  and b o t t o m  m e r i d i a n ~ o f  t h e  a a c e l f e .  These 
data  f o r  t h e  wing-nace l l e  j u n c t i o n  p e r m i t t e d  a comparisbn 
of t h e  observed  p r e s s u r e s  at  t h e  . junc t ion  w i t h  t h o s e  *calm- 

I . .  
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l n t e d  by t h o  “ s u p e r p o s f t i o n  method” o f  r e f e r e n c e  I, an ap- 
p rox ima te  -method t h a t  i s  commonly employed i n  . e s t i m a t i n g  
t h e  c r i t i c a l  c o m p r e s s i b l e  speed  a t  t h e  j u n c t i o n  o f  t w o  
b o d i e s .  

THEOBY 

. Cons ide r  t h e  midwing combina t ion  of a n  a i r f o i l  w i t b  a 
body o f  r e v o l u t i o n  wherein t h e  nose o f  t h e  body of revo- 
l u t i o n  p r o t r u d e s  forward  o f  t h e  l e a d i n g  edge of t h e  a i r -  
f o i l .  P r o g r e s s i n g  f r o m  t h e  nose o f  t h e  body a l o n g  t h e  sur- 
f a c e  t o w a r d  t h e  l e a d i n g  edge o f  t h e  wing,  i t  is e v i d e n t  
%,hat a l t h o u g h  t h e  p r e s s u r e  f a l l s  aTt of  t h e  body n o s e ,  i t  
must r i s e  as  t h e  s t a g n a t i o n  p o i n t  on t h e  l e a d i n g  edge of 
t h e  wing i s  approached .  I n  consequence ,  t h e  l amina r  b o u s d -  
a r y  l a y e r  which s t a r t s  at  t h e  n o s e  o f  t h e  body t h i c k e n s  
undu ly  and becomes s e p a r a t e d  as i t  a p p r o a c h e s  t h e  wing 
s t a g n a t i o n  p o i n t .  I n  t h e  u s u a l l y  impor t an t  R e ~ n o l d s  num- 
b e r  r a n g e  t h i s  u n s t a b l e  s e p a r a t e d  l a m i n a r  l a y e r  t h e n  degen- 
e r a t e s  i n t o  a t u r b u l e n t  boundary l a y e r .  B similar  t r a n s i -  
t i o n  t o  t u r b u l e n c e  o c c u r s  n e a r  t h e  nose o f  t h e  body f o r  a 
combina t ion  where in  t h e ’ l e a d i n g  Edge o f  -the wing i s  forward 
of t he  nose o f  t h e  body o f  r e v o l u t i o n .  

ff, i n  such  a combina t ion ,  t h e  nosc  o f  t h e  n a c e l l e  
and t h e  l e a d t n g  edge of t h e  wing i lre c o i n c i d e n t ,  t h e n  no 
u n f a v o r a b l e  g r a d i e n t  e x i s t s  n e a r  t h e  n o s e  o f  e i t h e r  and 
hence t r a n s i t i o n  t o  t u r b u l e n t  f l o w  a t  t h e  common nose 
shou ld  not  occur .  Moreover, i f  t h e  a i r f o i l - a - n d  body of  
r e v o l u t i o n  a r e  p r o p e r l y  matched s o  t h a t  in combina t ion  
t h e  minimum p r e s s u r e s  occur  a t  t h e  same chordwise  s t a t i o n ,  
and t h e  f a v o r a b l e  g r a d i e n t s  ahead  o f  t h e  minimum p r e s s u r e  
p o i n t s  are such a s  t o  m a i n t a i n  t h e  same boundary l a y e r  
Reynolds  number a l o n g  t h e  spanwise l i n e  o f  minimum pres- 
s u r e s ,  t h e  r e s u l t i n g  combina t ion  shou ld  m a i n t a i n  low d r a g  
t h r o u g h o u t  t h e  low-drag Reynolds  number r ange  f o r  t h e  wing 
n lone  

DESCRIPTION OF HODEL 

T o  i n v e s t i g a t e  t h e  v a l i d i t y  of t h i s  method f o r  p r e -  
s e r v i n g  l amina r  f l o w  a t  t h e  j u n c t i o n  and  o b t a i n i n g  a l o w -  
d r a g  combina t ion ,  t h e  t e s t  of  a s p e c i f i c  wing-nace l le  com- 
b i n a t i o n  w a s  u n d e r t a k e n .  The model s e l e c t e d  w a s  a s imple  
midwing c o m b i n a t i m  o f  a t y p i c a l  low-drag a i r f o i l  w l t h  a 
s h o r t  body o f  r e v o l u t i o n .  



The XACA 35-215 a i f f o i l ,  s e l e c t e d  f o r  t h e  wing sec- 
t i o n ,  w a s  chosen because  high Reynolds number f r e e - f l i g h t  
d a t a '  f o r  t h i s  profile- a r e  a v a i . l a b l o  (se.fes-eace 3). -It was 
c o n s i d e r e d  t h a t  t h e s e  data would a l l o w  p r e d i c t i o n  of t h e  
p r o b a b l e  performance o f  t h e  wing-nace l l e  unZt i n  f r e e  
- f l i g h t  from a knowledge o f  t e s t  r e s u l t s ,  especially o f  t h e  
l o w - d r a g  Reynolds  number range o f  t h e  combina t ion .  

The es t imated  wind-tunnel  turbu1enc.e and the  nnximurt. 
t u n n e l  speed  i n d i c a t e 4  that a wing of & f o o t  chord ,  t h e  o r -  
B i n n t o s  o f  which are g iven  i n  t a b l e  would g i v e  a n  c f - .  
foctlve Rejr 'nolds number rango e q u i v a l e n t  t o  t h e  low-dr.ag 
rango i n  soao f u l l - s c p - l e  a p p l i c a t i o n s  o f  t h i s  p r o f i l e .  
Tho wind- tunnel  tusbtllonc-o w a s  fouzd t o  bo somewhat lover 
thaa e x p e c t e d  2nd t h e  surfacs c o n d f t i o n s  o f  t h o  wing w e r e  
such that $he maximum Reynolds numbers a t t a i n a b l e  were 
s t i l l  i n  t h o  low-dreg range. 

An a n a l g s i s  of  t h e  flight data o f  r e f e r e n c e  3 i n d i -  
c a t e d  t h a t  w i t h  s i m i 2 a r  s u r f a c e  conditions, %he Zow-drag  
c h a r a c t e r i s t i c s  o f  t h i s  wing c o u l d  be m a i n t a i n e d ,  at a 
Reynolds  number o f  20 n i l l i o n  ( 2  X 107>. Consideration of 
a t y p i c a l  f l i g h t  applrcation, assuming speed (400 mph) a n &  
s l t i t u d o  (20,000 ft) c o n s i s t e n t  w i t h  modern d e s i g n ,  per -  
n i t t c d  a wing chord  o f  8 o r  9 f e e t .  Lsoun ing  an air-cooled 
engine 4 f e e t  i l z  d i a n e t o r ,  t h e  r a t i o  o f  n a c e l l e  d i a m e t e r  
t o  wing chord  i s  one -ha l f .  The l e n g t h  was made one and 
one-,half t i n e s  t h e  wing chord f o r  si p r o p e l l e r  l o c a t i o n  30- 
p e r c e n t  wing chord beh ind  t h e  tqing t r a i l i n g  edge. H G ~ C C  
t h e  Z ineness  r a t i o  o f  t h e  nacelle s e l e c t e d  w a s  3-113. 

Matching of t h e  n a c e l l e  o f  3 - 1 / 3 - f i n a n c s s  r R t i o  with 
t h e  35-215 wing w a s  psr forae& i n  such  a mztnner as t o  g i v e  

'I. a qiiiqinurn p r s s s u r e  p o s i t i o n  3 ~ ~ 1 / 3 * p e i c o n t  of the 
lcngth from_ t h e  nose ( c o i n c i d e n t  w i t h - t h e  mioiaun p r e s s u r e  
p o s i t i o n  o a  'the wing when conbine t?) ,  ;rad 

2, a pressure g r a d i e n t  ahead  of n i n i n u n  pressure such 
as t o  g i v e  a, g ra i - i cn t  f o r  the c o a b i n a t i o n  s u f f i c i e n t l y  fa- 
vorable t o  promote z p p s o x i a a t e l y  t h e  S a m  f c n g t h  o f  l a n i -  
car r u n  as on t h e  surfnce o f  t h e  wing a loz le .  IC, should be  
c l e a r  t h a t ,  T o r  t 6 e  coz ib ina t ion ,  the l e n g t h  o f  t h e  l a m i n a r  
r u n  i s  prone t o .  b6 least i n  t h e  i n n c d i a t e  aeighborhood of 
t h e  junction o f . t h e  wiiig and  n a c e l l e  s u r f E c e s .  Ttis foll'otlrs 
'because t h e  ncrowdingl '  e f f e c t  o f ' t h e  p r o x t n i t $  o f  the sur-  
f a c e s  o f  the s t r o a n l i n e s  a c t s  t o  Lncrease  t h e  boundary- 
lcrycr t h l c k n e s s  and t e n d s  t o  p r o n o t e  e a r l i e r  t r a n s i t i o n  t o  
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t u r b u i e n t  f l o w .  A c c o r d i n g l y ,  t o  de t e rmine  t h e  s u i t a b i l i t y  
o f  a p a r t i c u l a r  n a c e l l e  i n  aombina t ion  w i t h  t h e  wing, t h e  
l e n g t h  o f  t h e  l a m i n a r  r u n  a t  t h e  junct ic ln  o f  t h e  s u r f a c e s  
on ly  need be de t e rmined .  

which when combined w i t h  t h e  w i n g  would meet t h e s e  r e q u i r e -  
E e n t s ,  was one on which the maximum v e l o c i t y  should a l s o  
be r e a c h e d  a t  a p o i n t  o n e - t h i r d  o f  t h e  body l eng th  a f t  of 
the  nose  as n e a s u r e d  along t h e  axis .  Moreover, t h e  s l o p e  
of t h e  v e l o c i t y - d i s t r i b u t i o n  cu rve .  ahead  o f  t h e  maximum 
v e l o c i t y  p o i n t  should have t h e  fo’ l lawfng c h a r a c t e r i s t e c s :  

I t  was r e a l i z e d  that  t h e  d e s i r e d  body .o f  r e v o l u t i o n ,  

I, A p o s i t i v e  s i o p e  f o r  a l i  p‘aints ahead  o f  t h e  max- 
imun v e l o c i t y  p o i n t .  

2, A n e a r l y  c o n s t a n t  s l o p e  f r o m ’  a p o i n t  somewhat a f t  
o f  t h e  nose  t o  t h e  maxfmum v e l o c i t y  p o s i t i o n .  

3, The s l o p e  over  t h i s  s e c t i o n  of t h e  body should be 
s u f f i c i e n t l y  f a v o r a b l e  t o  pe rmi t  t h e  val-ue o f  R6 f o r  t h e  

’ body o f  r e v o l u t i o n  at; t h e  naxinuIil v e l o c i t y  p o s i t r o n  t o  be 
n o t  more t h a n  tha t  f o r  t h e  wing a t  i t s  maximun v e l o c i t y  
p o s i t i o n .  T h i s  r e q u i r e d  t h e  v a l u e  o f  R s 2 / R &  f o r  t h e  body 
o f  r e v o l u t i o n  a t  t h e  maximum v e l o c i t y  p o s i t i o n ,  a s  c a l c u -  
l a t e d  by t h e  n e t h o d  of r e f e r e n c e  4, t o  ‘be l e s s  t h a n  
( t h a t  is, t w o - t h i r d s )  of t h e  v a l u e  o f  
a t  i t s  maximum v e l o c i t y  p o s i t i o n .  I n  t h e  above ,  e . i s  
t h e  w i n g  c h o r d ,  L 5 s  t h e  l e n g t h  o f  t h e  body o f  r evo lu -  
t i o n ,  Rc  i s  t h e  wing Reynolds  number based  on t h a  wing 
chord  and stream v e l o c i t y ,  RL i s  the  body Reynolds  nunbsr  
based  on t h e  body l e n g t h  and  s t rean  v e l o c i t y ,  and  Rg i s  
t h e  b m n d a r y - l a y e r  Reynolds  number f o r  t h e  w i n g  o r  body 
boundary l a y e r  as t h e  c a s e  may b e ,  based  on t h e  boundary- 
l a y e r  t h i c k n e s s  and t h e  l o c a l  v e l o c i t y  o u t s i d e  t h e  boundary 
l a y e r  a t  t h e  matxinum v e l o c i t y  p o s i t i o n .  

c / L  
B b 2 / R c  f o r  t h e  w i n g  

Exper i enco  f n d i c a t e d  t ha t  such  a n a c e l l e  shape would 
be one g e n e r a t e d  b y  R s o u r c e - s i n k  s y s t e n  h a v i n g  a n e a r l y  
un i fo rm d i s t r i b u t i o n  of s o u r c e s  up  t o  t h e  a x i a l  p o s i t i o n  
c o r r e s p o n d i n g  t o  t h o  nax iaun  v e l o c i t y  p o i n t  fo l lowed  by 
any n o t - t o o - a b r u p t l y  changing  d i s t r i b u t i o n  o f  s i n k s .  Ac- 
c o r d i n g l y ,  a s o u r c e - s i n k  s y s t e n  h a v i n g  a un i fo rm source  
d i s t r i b u t i o n  up t o  t h o  oaxinnm v e l o c i t y  p o i n t  fo l lowed by 
a u n i f o r n  s i n k  d i s t r i b u t i o n  was c o n a i d e r e d ,  and t h e  shape 
and v e l o c i t y  d i s t r i b u t i o n  were c a l c u l a t e d  by t he  method o f  
r e f e r e n c e  5. ‘lhis v e l o c i t y  d i s t r i b u t i o n  s a t i s f i e d  s u f f i -  
c i e n t l y  t h e  shape r e q u i r e n e n t s ,  
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U s i n g  the  s u p e r p o s i t i o n  methoa o f  r e f e r e n c e  3.- f o r  con- 
b i n i p g  V e l o c i t i e s ,  t h e  v e l o c i t y  d i s t r i b u t i o n  a l o n g  t h e  
wing-nace l le  j u n c t i o n  w a s  c a l c u l a t e d  and  t h e  value of 
B g 2 / R c  w a s  d e t e r n f n e d  f o r  t h e  j r m c t i o n  a t  .the na%inun ve- 
l o c i t y  n o s i t i o n  on t h e  a s s u n p t i o n - t h a t  t h e  two-d inens iona l  
e q u a t i o n  f o r  B ~ ' / X + ,  as g i v e n  i n  r e f e r e n c e  4 ,  a p p l i e d ,  
T h i s  P a l u e  . w a s  c o n s i d e r a b l y  Lese t h a n  f a r  t h e  wing a l o n e ,  
s o  t h a t  i t  w a s  b e l i e v z d  t h a t  t h e  a d v e r s e  tlcrowding."' e f f e c t  
on. t h e  bouDdary l a y e r  a t  t h e  junc$ ion  due t o  the  p r o x i n f t y  
o f  t h e  wing and n a c e l l e ,  not c o n s i d e r e d  i n  t h e  c a l c u l a t i o n ,  
would be v e r y  n e a r l y  conpensa ted  f o r .  

Because  t h i s  n a c e l l e , ,  when canb ined  w i t h  t h i s  t y p i c a l  
low-drag s e c t i o n ,  appea red  t o  be a s a t i s f a c t o r y  conbina-  
t i o n ,  i t  was d e c i d e d  t o  c l a s s i f y  t h i s  t y p e  o f  n a c e l l e  a s  
of "Series; I," t h i s  p a r t i c u l a r  n a c e l l e  b e i n g  t h e  KACA 
133-30. I n  t h i s  s y s t e n  of nomenc la tu re ,  t h o  f i r s t  nunbcr  
o f  t h e  f i r s t  group r e p r e e e n t s  t h e  s e r i e s ,  t h e  second t w o  
numbers g i v e  t h e  ninirnum p r e s s u r e  p o s i t i o n  along t h e  a x i s  
i n  p e r c e n t  o f  t h e  l e n g t h ,  and t h e  t w o  numbers i n  the second 
group f o l l o w i n g  t h e  hyphen g i v e  t h o  maxinun d i a m e t e r  i n  
p e r c e n t  o f  t h e  l e n g t h .  

U n f o r t u n a t e l y ,  changing  t h e  g e n e r a l  i n t e n s i t y  o f  t h e  
s o u r c e s  and s i n k s  i n  a g i v e n  s o u r c e - s i n k  s y s t e n  w i l l  p r o -  
n o t e  s h a p e s  d i f f e r i n g  no t  o n l y  i n  t h e i r  t h i c k n e s s  r a t i o s  
but also i n  t h e i r  t h i c k n e s s  d i s t r i b u t i o n .  ' However, f o r '  
moders te  changes o f  t h e  s o u r c e - s i n k  i n t e n s i t y ,  t h e  change 
i n  t h e  t h i c k n e s s  d i s t r i b u t i o n  i s  small ,  s o  t h a t  t h i s  de- 
v i c e  may be used  t o  o b t a i n  a f i r s t  a y p r o x i n a t i o n  t o  t h e  
shape a n d  v e l o c i t y  d i s t r i b u t i o n  f o r  n a c e l l e s  o f  o t h e r  
t h i c k n e s s . r a t i o s .  The shape and  v e l o c i t y  d i s t r i b u t i o n  f o r  
t h e  NACA 133-18 n a c e l l e  w a s  c a l c u l a t e d  as  a f i r s t  approx i -  
mat ion  by changing  t h e  g e n e r a l  sou rce - s ink  i n t e n s i t y .  
C o n s i d e r a t i o n  o f  t h e  d i f f e r e n c e  between t h i s  "near!' shape 
and t h e  " t r u e "  shape  d e t e r n i n e d  a r e v i q e d  s o u r c e - s i n k  d i s -  
t r i b u t i o n  which p e r m i t t e d ,  as a c l o s e  second a p p r o x i n a t i o n ,  
t h e  v e l o c i t y  d i s t r i b u t i o n  t o  be d e t e r n i n e d ,  U s i n g  t h e  cal-  
c u l a t e d  r e s u l t s  f o r  t h e  1 8 - p e r c e n t -  ani! 3 0 - p e r c e n t - t h i c k  
n a c e l I e . s ,  the ,  v e l o c i t y  d i s t r i b u t i o n s  oyer  t h e  14-$ .  22-, 
26-, and 3 4 - p e r c e n t - t h i c k  n a c e l l e s  of t h i s  s e r i e s  were ob- 
t a i n e d  by i n t e r p o l a t i o n  o r  e x t r a p o l a t i o n .  . These r e s u l t s  
a re  g i y e n  i n  t a b l e  11. 

One o f  t h e  n a c e l l e s  i n v e s t i g a t e d  i n  t h e s e - t e s t s  i s  
t h e  a f o r e - n e n t i o n e d  NACA, 133-30. The o r d i n a t e s  o f  t h e  
node l  a re  g i v e n  i n  t a b l e  111, and t h e  wing-nace l l s  unit  i s  



shown i n . f l g u r e s  1 t o  3 ,  i n c l u s i v e .  Fhc i d e a l  l i f t  c o e f f i -  
c i e n t . 0 8  t h e  BACA 35-215 p r o f i l e  o c c u r s  ai a wing a n g l e  
o f  1,OO so  t h a t  t h e  wing w a s  s e t  a t  1.00 i n c i d e n c e  w i t h  
r e s p e c t  t o  t he  a x i s  o f  t h e  n a c e l l e .  

I t  w a s  b e l i e v e d  tha t  t h e  b l u n t  t a i l  o f  t h e  S e r i e s  1 " 
nace l lwmight  i n c u r  a n  u n n e c e s s a r y  , i n c r e a s e  i n  f o r a  drag. 
A c c o r d i n g l y ,  i t  w a s  d e c i d e d  t o  t e s t  a p o i n t e d - t a i l - n o b e l  
n a c e l l e  h a v i n g  a siinilar v e l o c i t y  d i s t r i b u t i o n  t o  t h a t  f o r  
t h e  S e r f e s  1 n a c e l l e .  T h i s  was accompl i shed  by b u i l d i n g  
t h e  b l u n t - t a i l e d  n a c e l l e - s u c h  t h a t  a t  a p o i n t  a l o n g  t h e  
a x i s  o f  r e v o l u t i o n  6 0  i n c h e s  f r o n  t h e  nose t h e  t a i l  cone 
c o u l d  be removed a n d  a p o i n t e d - t a i l  ' cone ,  sonewhat l o n g e r ,  
s u b s t i t u t e d .  The secood n a c e l l e  w a s  d e s i g n a t e d  a s  a S e r i e s  
2 n a c e l l e .  T h i s  p a r t i c u l a r  node1 n a c e l l e  d e s i g n a t i o n  w a s '  
by v i r t u e  o f  i t s  i n c r e a s e d  l e n g t h ,  NACA 230-28. The o r d i -  
n a t e s  o f  t h i s  n o d e l  a r e  g i v e n  i n  t a b l e  IT, and photo-  
g r a p h s  o f  t h e  r e s u l t i n g  wing-nace l le  u n i t  a r e  shown i n  f i g -  
u r e s  4 and  5 ,  The wing i n c i d e n c e  a g a i n  .was l;OOo w i t h  r e -  
s p e c t  t o  t h e  a x i s  of t h e  n a c e l l e .  

By c o n p a r i s o n  w i t h  t h e  S e r i e s  1 n a c e l l e s ,  t h e  v e l o c i t y  
d i s t r i b u t i o n  from t h e  nose t o  a p o i n t  somewhat a f t  af t h e  
maximum v e l o c i t y  p o i n t  was de te rmined  f o r  t h i s  s e r i e s  of 
n a e o l l e s  and i s  g i v e n  in table V a l o n g  w i t h  t h e  o r d i n a t e s  
of t h e  s h a p e ,  

The p r e s s u r e  o r i f i c e s  l o c a t e d  i n  t h e  wing were p l a c e d  
a l o n g  t h e  s u r f a c e  s o  t h a t  when t h e  n a c e l l e  was-mounted on 
t h e  wing t h e  l i n e  o,f o r i f i c e s  was 1 / 2  i n c h  away f r o m  t h e  
j u n c t i o n  of t h e  wing and t h e  n a c e l l e  s u r f a c e s .  The same 
o r i f i c e s  s u f f i c e d  f o r  t h e  p r e s s u r e  measurements on t h e  wing 
a l o n e .  P r e s s u r e  o r i f i c c s  were also p r o v i d e d  a l o n g  t h e  t o p  
and b o t t o m  m e r i d i a n  l i n e s  o f  t h e  n a c e l l e .  I n  a l l  c a s e s  
t h e  p r e s s u r e  o r i f i c e s  were 0.02G-inch d i a m e t e r  f l u s h  w i t h  
t h e  su r face , '  

0 P r e s s u r e s  ove r  t h e  n a c e l l e  45 s e c t i o n  and over  t h e  
wing 1 0  i n c h e s  o u t b o a r d  o f  t h e  j u n c t i o n  were measured 
w i t h  a s i n g l e  s t a t i c  t u b e  "nouse."  

DESCBIPTION OF APPARATUS 

T e s t s  o f  t h e  NACA 35-215 w i n g ,  t h e  HACA 35-215 wing-  
NACA 133-30 n a c e l l e  combina t ion ,  and t h e  NBCB 35-215 wing- 
NACA 230-28 n a c e l l e  combina t ion  were made i n  t h e  7- by 
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10-foot  t u n n e l  o f  t he  Amos A e r o n a u t i c a l  L a b o r a t o r y .  Th i s  
t u n n e l  i s  o f  t h e  c l o s e d - t h r o a t  , r e c t a n g u l a r - s e c t i o n ,  s i n g l e -  
r e t u r n  t y p e ,  c a p a b l e  pf a i r s p e e d s  o f  300 m i l e s  p e r  hour .  
The t u r b u l e n c e  l e v e l  of  t h e  a i r  s t r e a n  and t h e  s u r f a c e  con- 
d i t i o n s  o f  t h e  model were such  t h a t  l o w  drag w a s  o b t a i n e d  
a t  t h o  m a x i m u m  a t t a i n a b l e  Reynolds  number. 

The wing a l o n e  and t h e  wing-nace l l e  combinat-ion were 
t e s t e d  as "throughft models .  The 6--foot span o f  t h e  wing 
was mounted across t h c  ? - f o o t  d imens ion  o f  t h e  t e s t  SOC- 
t i o n ,  6 - inch  span dummy en.ds b e i n g  used t o  g i v e  t w o -  
d i m e n s i o n a l  f l o w .  C l e a r a n c e  of 1/32 i n c h  between dummy s 

end and  wing was mafn ta ined  d u r i n g  alf t e s t s  as t h i s  c l ea r -  
ance  was b e l i a v e d  c r i t i c a l  i o  i t s  e f f e c t  on ninimum d rag  
and.maximum l i f t  o:f t h e  wing. 

Spanwise d r a g ' s u r v e y s  of t h e  wing were made w i t h  a 
rpamentum rake p r i o r  t o  actual  t e s t  and t h e  s u r f a c e  w a s  
f i n i s h e d  u n t i l  a e r o d y n a m i c a l l y  s m o o t h .  Care was taken  t o  
p r e s e r v e  t h i s  surface f o r  a l l  f r e e  t r a n s i t i o n  . t e a t s .  
ha l f - inch -wide  s t r i p  of Bo. 60  carnorundurn g r a i n s  w a s  used ,  
t 6  f i x  t r a n s i t i o n ,  i n  a11 . t e s t s  d e s i g n a t e d  $ ' w i t h  f i x e d  t r a u -  
s i t  1 on, It 

Boundary- layer  sursreys and  some p r e s s u r e - d i s t r i b u t i o n  
data were o b t a i n e d  by use of a "mousef1 composed o f  f i v e  
t o t a l - h e a d  t u b e s  and  a s i n g l e  s t a t i c  t u b e .  P r e s s u r e  t u b e s  
f r o m  t h e  "mousen were t a k e n  i n t o  t h e -  wing t h r o u g h  E? small 
h a t c h  and  conducted  t o  a m u l t i p l e - t u b e  manoneter t h r o u g h  
a c h a n n e l  i n  t h e ' w i n g ,  

T E S T S  ADTD TEST RESULTS 

. I  

The s u r f a c e  o f  t h e  wing was f i n i s h e d  u n t i l  spenwise  
wake s u r v e y s  i n d i c e t e d  t h a t  t h e  s e c t i o n  drag was c o n s t a n t  
o v e r  t h e  c e n t e r  4 f e e t  o f  t he  span .  F u r t h e r  r e f i n i s h i n g  
d i d  n o t  r educe  t h e  drag a t  any  s e c t i o n ,  A check  of  t h e  
i d e a l  a n g l e  vas roade by wake s u r v e y s  o f  t h e  d r a g  a t  t h e  
c e n t e r  o f  t h e  span, 

The r e s u l t s  p r e s e n t e d  h e r e i n  a r e  based on a wfng chord  
o f  4 f e e t ,  a wing a r e a  o f  24 s q u a r e  f ee t ; ,  and a p r o j e c t e d  
f r o n t a l  a r e a  o f  2.58 squrtre f e e t  f o r  t h e  n a c e l l e .  

been c o r r e c t e d  f o r  t h e  , i n t e r f e r e n c e  of. t h e  t u n n e l  w a l l s .  
A l l  t e s t  r e s u l t s  e x c e p t i n g  p r e s s u r e  d i s t r i b u t i o n s  have 



The , e f f e c t  -of f l u i d  compreG's ibi l3ty on t h e  i n t e r f e r e n c e  
h a s  n o t  been c o n s i d e r e d  pecause ,  even'  a t  t h e  h i g h e s t  Mach 
numbers, t h e  e r r o r  i-s l e s s  t h a n  0.0001 f o r  t h e  d r a g  c o e f f i -  
c i e n t s  and a p p r o x i m a t e l y  one-half  of  1 p e r c e n t  f o r  t h e  
l i f t ,  moment, and  a n g l e  of a t t a c k ,  The e f f e c t  o f  t h e  known 
&ownstream p r e s s u r e  g r a d i e n t  on t h e  wing w a s  n e g l i g i b l e .  
The c o r r e c t e d  c o e f f i c i e n t s  f o r  t h e  wing a re  o b t a i n e d  f r o m  
t h e  f o l l o w i n g ,  t h e  primes. i n d i c a t i n g  t h e  t e s - t  r e s u l t s :  

Cd 

' 
= 0.949 C t f  

= 0,982 cmC1/, i- 0.0081 k t '  'mc 24 

C G .  CG' f 0.298 
+ 4 C n c h l  

R = .  .1,009 3' 

M = 1,009 32: 

The a a d i t i o n  o f  t h e  n a c e l l e  d o e s  n o t  m a t e r i a l l y  af- 
f e c t  t h e  c o r r e c t i o n s  excep t  t h a t  t h e  t u n n e l  p r e s s u r e  gra- 
d i e n t  i s  no l o n g e r  n e g l i g i b l e .  The d r a g  r e s u l t s  o f  t h e  
wing-nace l l e  u n i t  a r e  c o r r e c t e d  by 

= 0.977 Cd' + 0,0004. 'd 

The o t h e r  c o r r e c t i o n s  remain  t h e  same. 

S e c t i o n  c h a r a c t e r i s t i c s  o f  t h e  35-215 p r o f i l e  t h rough-  
out t h o  wing-angle r ange  a t  a t u n n e l  R e r n o l d s  number o f  
5.75 m i l l i o n ,  a r e  g i v e a  on f i g u r e  E .  The l i f t  and q u a r t e r -  

.chord-moment c o e f f i c i e n t s  were conpyted  froln p r e s s u r e  d i s -  
t r i b u t f o n s  t a k e n  a t  t h e  c e n t e r  o f  t h e  span ,  The d r a g . c a e f -  
f i c i c n t s  were conpu ted  f r o n  wake s u r v e y s  a t  t h e  same posi.- 
t i -on  a f t e r  %he p r e s s u r e  o r i f i c e s  were s e a l e d ,  

The e f f e c t s  o f  t h e  gap between t h e  wing and dummy e n d  
on t h o  d r a g  o f  t h e  wing a r e  shown i n  f i g u r e  7 .  Drag c o c f -  
f i c i e n t s ,  as measured b'y a f o r c e  b a l a n c e ,  a r e  colopared 
wi th  d r a g  c o e f f i c i e n t s  c a l c u l a t e d  f r o m  wake s u r v e y s  at t h e  
span c e n t e r  Line .  . Both  s e t s  of d a t a  were o b t a i n e d  a t  a 
t e s t '  Reynolds  number of 5 . 7 5 . m i l l i o n  and a re  p l o t t e d  a g a i n s t  
wing a n g l e  o f  a t t z c k  and f o r c e - t e s t  . l i f t .  c o e f f i c i e n t . .  

The r e s u l t s  o f  wake d r a g  measurements a t  t h e  c e n t e r  of 
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t h e  span  .thr'oughout a t . e s t  Reynolds  number range o f  1.5 
m i l l i o n  t ' o  10 m i l l i o i  a t  o', *lo, 2", and 4 *  a n g l e s  of a t -  
t a c k ,  ar.e shown i n  f i g u r e  8 .  These t e s t s  were r u n  sfmul- 
t a n e o u s l y  w i t h  f o r c e  t e s t s  of .the, w i n g - s o  t h a t  t a r e . s  for 
d e t e r m i p i n g  t h e  drag increment  due t o  t h e  n a c e l l e  were. 
o b t a i n e d .  . .  

The f o r c e - t e s t  'drag c o e f f i c i e n t s  a r e  g i v e n o i n  figuEes 
9 t o  12, i n c l u s i v e ,  f a r  a p p r o x i m a t e l y  00, lo ,  2 , and  4 
a n g l e s  of a t t a c k ,  r e s p e c t i v e l y ,  These f i g u r e s  a l s o  show 
f o r c e - t e s t  d r a g  c o e f f i c i e n t s  f , o r  t h e  wing combined w i t h  
t h e  IUCA 133-30 n a c e l l e  snd  w i t h  t h e  NACA 230-28 n a c e l l e  as  
f u n c t i o n s  o f  t h e  t e s t  Reynolds  number. I n  a 6 d i t i o n ,  f i g -  
u r e s  9 and 10  show f o r c e - t e s t  d r a g  c o e f f Z c i e n t s  fyr  0' and 
1" f o r  t h e  wing ,  combined wetkz t h e  RAGA 133-30 n a c e l k e  w i t h  
t r a n s i t i o n  f i x e d  w i t h  carborundum s t - r i p s  i n  t h e  wing- 
n a c e l l e  s u r f a c e  j u n c t i o n s .  These t e s t s  were r u n  t o  -sins- 
l a t e  t h 8  drag e x p e r i e n c e d  by such a wing-nace l l e  combina- 
t i o n  when p rema tu re  t r a n s i t i o n  o c c b r s  i n  t h e  s u r f a c e  junc- 
t i o n s . '  The t r a n s i t i o n  f i x i n g  s t r i p s  ex tended  f r o m  t h e  
nose  i n  a 1 5  V shape a l o n g  t h e  ju 'nc t ion  t o  about  15- 
p e r c e n t  chord. From 15-percent  t o  40-percent  chord ,  t h e  
s t r i p s  were of c o n s t a n t  w id th ,  These r e s u l t s  a r e  d e s i g -  
n a t e d  " t y a n s i t i o n  f i x e d  i n  j u n c t i o n , "  

The d r a g - c o e f f i c i e n t  increment  due t o  t h e  n a c e l l e s ,  
d e r i v e d  f r o m  t h e  r e s u l t s  p r e s e n t e d  i n  f i g u r e s  9 t o  11, i n -  
c l u s i v e ,  but based  on t h e  n a c e l l e  p r o j e c t e d  f r o n t a l  area,  
a r e  g i v e n  i n  f i g u r e  13 f o r  O o ,  lo ,  and 2' as  f u n c t i o n s  O f  
t h e  t e s t  Reynolds  number. Increment  d r a g '  c o e f f i c i e n t s  
w i t h  " t r a n s i i i o n  f i x e d  i n  nose  junc t ion ' '  a r e  also g i v e n  
f o r  0' a i d  1 . 

F i g u r e  14  p r e s e n t s  t h e  s e c t i o n  d r a g  c o e f f i c i e n t  f o r  
t h e  wing alone and f o r  t h e  wing and NAGA 133-30 n a c e l l e  
comb'ined, as  o b t a f n a d  by a d d l n g  t h a  d r a g  increment  dus t o  
t h e  n a c e l l e ,  3ased on t h e  wing a r o a , t o  t h e  wing s e c t i e n  
d r a g .  Drag c o e f f 3 c i e n t s  f o r  bo th  a r e  g iven  a s  a f u n c t i o n  
of a n g l e  o f  a t t a c k ,  as  w e l l  a s  s e c t i o n  l i f t  c o e f f i c i e n t  
f o r  t e s t  Reynolds  numbers o f  4, 6 ,  and 10  m i l l i o n .  

u re '  15'. Those f o r  t h e  wing-nzce l l e  (KACA 133-30) wece 
made a t  t ' e s t  Reynolds  numbers o f  5 and .lo m i l l i o n .  813. 
spanwise su rveys  o f  t h e  wing weze made a t  a t e s t  R.eynolds 
number o f  8.5 mi3.1-ion. 

The r e s u l t s  o f  spantuise wake s u r v e y s  a r 8  shown on f i g -  

R e s u l t s  of f o r c e  t e s t s  of t h e  l i f t ,  d rag ,  and moment 
\ 
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t h r o u g h c u t  t h e  a n g l e - o f - a t t a c k  ptrnge a t  a t e s t  Reynolds  
num.be;r. o f  3.25 m i l l i o n  a r e  p r e s e n t e d  i n  f i g u r e  1 6 ,  b o t h  f o r  
t h e  wing a l o n e  and t h e  wing-nacelJe  (WbCk 133-30). S i m i l a r  
t e s t s  f o r  t h e  combina t ion  w i t h  t h e  XACA 230-28 n a c e l l e  were 
made but w i t h  n e g l i g i b l e  d i f f e r e n c e  i n  r e s u l t s ,  T e s t s  at 
Reynolds  numbers of 5 and 6 m i l l i o n  a l s o  showed minor d i f -  
f e r e n c e s .  

. I n  o r d e r  t . Q  a r r i v e  a% some i d e a  o f  t h e  ap.anwise v ' a r i -  
a t i o n  of l i f t  due t o .  t h e  p r e s e o c e  o f  t h e  n a c e l l e ,  l i f t  
c o e f f i c i e n t s ,  i n t e g r a t e d  f r o m  p r e s s u r e  d i s t r % b u t i o n s  t a k e n  
a t  t h e  n a c e l l e  c e n t e r  l i n e  and n a c e l l e  wing j u n c t u r e ,  a r e  
p l o . t t e d  a c r o s s  t h e  span  on f i g u r e  17. P o r t i o n s  of t h e  
c u r v e s  were a d j o s t e d  t c  g fve  a n  a v e r a g e  l i f t  c o e f f i c i e n t  
f o r  t h e  span e q u i v a l e n t  t o - , t h a t  o b t a i n e d  i n  t h e  f o r c e  t e s t s  
p r e v i o u s l y  mentioned ( f , ig .  16). 

l x t e n s i v e  boundary- layer  s u r v e y s  w i t h  a small  "mouse" 
were made a t  p o s i t i o n s  from 80-percent  t o  40-percent  wing 
chord  on t h e  wing a l o n e  f o r  t e s t  Beynolds  nunbe r s  of  2.5 
t o  10 m i l l i o n .  S i m i l a r  s u r v e y s  were nade f o r  t h e  wing- 
n a c e l l e  (NACA 133-30) u n i t  1 0  i n c h e s  ou tboa rd  o f  t h e  dune- 
t i o n ,  i n  t h e  wing-nace l l e  j u n c t i o n ,  on t h e  n a c e l l e  45 
l i n e ,  and on t h e  n a c e l l e  t o p  m e r i d i a n .  The v a r i a t i o n  of 6, 
t h e  boundary- layer  t h i c k n e s s ,  w i t h  t e s t  Reynolds  number 
a t  t h e  wing i d e a l  a n g l e  t a k e n  from t h e  measured p r o f i l e s ,  
i s  shown on f i g u r e  1% f o r  t h e  t h r e e  su rvey  p o s i t i o n s . '  The 
t h e o r e t i c a l  v a r i a t i o n  of  6 w i t h  Reynolds  aumber, c a l c u -  
l a t e d  f r o m  e x p e r i m e n t a l  p r e s s u r e  d i s t r i b u t i o n s  by t h e  n e t h -  
od of  Jacobs and T o n  Doenhoff ( r e f e r e n c e  41, i s  a l so  g i v e n  
f o r  t h e s e  p o s i t i o n s .  

O the r  boundary- layer  s t u d i e s  r e l a t i n g  t o  t n e  l o c a t i o n  
of t h e  p o i n t  o f ,  t r a n s i t i o n  f r o m  l a m i n a r  t o  t u r b u l e n t  f l o w  
were made w i t h  a mouse composed of  a s i n g l e - s u r f a c e  t o t a l -  
head t u b a  and  a single s t a t i c  t u b e .  The r e s u l t s  of t h e s e  
t e s t s  f o r  t h e  wing-nace i l e  (NASA 133-30) a re  shown on 
f i g u r e s  1 9  and 20 f o r  0 and  1 wing a n g l e s  o f  a t t a c k .  
The l o c a t i o n  o f  t r a n s i t i o n  a c r o s s  t h e  span i s  i n d i c a t e d  
f o r  t e s t  Reynolds  numbers o f  2 ,  5 ,  8 ,  and 10 m i l l i o n .  

P r e s s u r e .  d i s t r i b u t i o n s  oyer  the, wing th roughou t  ' t h e  
a n g l e - o f - a t t a c k  r ange  were o b t a i n e d  a t  ' a  t e s t  Reynolds  nun- 
b e r  o f  5.75 n i l l i o n  and  Mach number o f  0.20.- These da ta  
a r e  presented .5 .n  u n c o r r e c t e d  f o r n  i n  t a b l e  VI. Other p r e s -  
s u r e  d i s t r i b u t i o n s  o v e r  t h e  wing were t a k e n  f o r  O o ,  lo, 
2 O ,  and 4' a n g l e s  o f  a t tack th roughou t  a Beynolds  number 
r ange  of  1 .5  t o  1 0  m i l l i o n  but  showed l i t t l e  v a r i a t i o n  
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w i t h  Reynolds  number and c o n s e q u e n t l y  a r e  n o t  g i v e n ,  The 
p r e s s u r e  d i e t p i b u t i o n  f o r  t h e  wing a t  tho  i a1 l i f t  cor- 
P e e t e d  for Mach number i s  g i v e n  on f i g u r e  21. . . 

. S i m i l a r  t e s t s  were made f o r  t h e  wing an& NkQA 13aU3O 
' n a c e l l e  combina t ion .  -The p r e s s u r e s  a l o n g  t h e  wing;-xacelle 
j u n c t i o n  a r e  g i v e n  i n  t a b l e  VI1 f o r  s t a t i o n s  i n  p e r c e n t  
wing chord .  These d a t a  a r e  f a r  a t e s t  Reynolds  nunber of 
5.75 m i l l i o n  and for a.Wach number of 0.20. P r e s s u r e s  
over  t h e  n a c e l l e  t o p  and bot tom m e r i d i a n  a r e  g i v e n  i n  t a b l e  
VI11 f o r  s t a t i o n s  i n  p e r c e n t  n a c e l l e  l e n g t h  f o r  t h e  same 
Reyrrolds number- and Each number. 

, .-  F i g u r e  '22 p r e s e n t s  t h e  ex 'per imental  v e l o c i t y  d i s t r i b u -  
t i o n  over the . -35-215 p r o f i l e ,  a s  a b t a i n e d  f r o m  t h e  p r e s s u r e  
d i s t r i b u t i o n  shown on f i g u r e  21.  The t h e o r e t i c a l  v e l o c i t y  
d i s t r i b u t i o n  for t h e  NACA 133-30 n a c e l l e  i s  also g i v e n  i n  
t e rms  of wing chord .  The s u p e r p o s i t i o n  method i s  a p p l i e d  
t o  p r e d i c t  t h e  v e l o c i t y  d i s t r i b u t i o n  for t h e  wing-nace l l e  
j u n c t i o n  f o r  b o t h  upper  and Lower s u r f a c e s .  The supe rposed  
v e l o c i t y  d i s t r i b u t i o n s  a r e  shown by t h e  dashed  l i n e s .  

s u r e  measuremenYs i n  t h e  wing-nace l l e  (NACA 133-30) Junc- 
t i o n  a r e  compared on f i g u r e  23 w i t h  t h e  v e l o c i t y  d f s t r i b u -  
t i o n  p r e d i c t e d  by  s u p e r p o s i t i o n .  The exper ' imcnta l  data  
a r e  giv'an f o r  Reynolds  numbers of 5 - m i l l i o n  and 8.3 m i l l i e n ,  
b o t h  c o r r e c t e d  t o  z e r o  Mach nurnljer s o  t h a t  o n l y  Reynolds  
number v a r i a t t o n  i s  shown. 

- .  

Exper-imental v e l o c i t y  d i  s t  r ibu t . i on  a b t a i n e d  fr  on y r e s -  

To e x t e n d  t h e  b e t t e r  agreement  found:& h i g h e r  Reynolds  
numbers t o  t h e  c r i t i c a l  Reynolds  number, p r e s s u r e - d i s t r i b u -  
t i o n  t e s t s  of t h e  wing-nace l le  (BACA 133-30) &unc t ion ,  w i t h  
t r a n s i t i o n  f i x e d  s p a n v i s e  a t  0.5-chord p o s i t i o n ,  were made. 
R e s u l t s  o f  t h e s e  t e s t s - ,  which showed no  v a r i a t i o n  w i t h  
Reynolds  number, a r e  .g iven  a l s o  on f i g u r e  25. 

DISCUSSION 

A d i s c u s s i o n  of  t h e  r e s u l t s  o f  t h e  d r a g  t e s t s  i n  f i g -  
u res  9 t o  12, i n c l u s i v e ,  n e c e s s a r i l y  must c o n s i d e r  t o  what 
e x t e n t  p l a c i n g  a . 1 a r g e  h a c e l l e  on  t h e  wing w i l l  i n f l u e n a e  
the f low c h a r a c t e r i s t i c s  caused  by t h e  gap between t h e  
wing and t h e  dummy ends .  Under c e r t a i n  c o n d i t i q n s  when 
t h e  e f f e c t  of t h e  gap. o n - t h e  wing d r a g  i s  l a r g e ,  e s p e c i a l -  
l y  whero t h e  wing e x p e r i e n c e s  a . c h a n g e  i n  t h e  flow reg ime 
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as a t  4' a n g l e  o f  a t t a c k ,  anyr v a r i a t i o n  in f l o w  caused  by 
t h e  n a c e l l e  may r e s u l t  i n  l a r g e  changes , - in  t h e  a p p a r e n t  
n a c e l l e  d r a g  ina remen t .  I n  f a c t ,  a t  t h i s  a n g l e  a t  t h e  
h i g h e s t  Reynolds  numbers,  a s  seen  i n  f i g u r e . 1 2 ,  t h e  nega- 
t i v e  d r a g - c o e f f i c i e n t  increment  as  determ%ne& b;Y f o r c e  
. t e s t s ,  w a s  so  l a r g a  t h a t  when added t o  t h e  wake-measured 
d r a g  c o e f f i c i e n t  of  t h e  wing a l o n e ,  t h e  a p p a r e n t  d r a g  c o -  
e f f i c i e n t ,  as  s e e n  i n  f i g u r e  1 4 ,  was o o n s i d e r a b l y  l e s s  t h a n  
t h a t  f o r  t h e  wing a l o n e .  A t  O o ,  lo, and 20 a n g l e  t h e  ef-  
f e c t  i s  c o n s i d e r e d  t o  be n e g l i g i b l e ,  excep t  p e r h a p s  a t  t h e  
h i g h e r  Reynolds  numbers where t h e  increment  due t o  t h e  ad- 
d i t i o n  o f  t h e  n a c e l l e  a p p e a r s  a b r u p t l y  t o  become t o o  small. 

- Tho i n c r e n e n t  d r a g - c o e f f i e i s n t  i n c r e a s e ,  i n  t e rms  o f  
t h e  p r o j e c t e d  f r o n t a l  ar.ea o f  t h e  n a c e l l e ,  a t  t h e  i d e a l  
a n g l e  of a t t a c k  ( a p p r o x i m a t e l y  1') i s  s een  i n  f i g u r e  13 t o  
v a r y  f r o m  0,021 a t  t h e  lower t e s t  Reynolds  numbers t o  pro-b- 
a b l g  0.018 a t  t h e  h i g h e r  t e s t  Rey2olds  n5mbers. 
n e i g h b o r i n g  a n g l e s  of a t t a c k  o f  0 and  1 , t h e  increment  
drag c o e f f i c i e n t s  f o r  bo th  n a c e l l e s  a re  seen  t o  r e m a i n  l o w ;  
however,  t h e  NACA '230-28 n a c e l l e  a t  t h e s e  a n g l e s  a p p e a r s  
t o  be s l i g h t l y  s u p e r i o r  t o  t h e  NACA 133-30 n a c e l l e .  These 
low-drag c o e f f i c i e n t s  a r e  e n t i r e l g r  i n  k e e p i n g  w i t h  t h e  re-  
s u l t s  o f  t r a n s i t i o n  l o c a t l o n  measurements shown i n  f i g u r e s  
1 9  and  20 ,  which d e m o n s t r a t e  t h a t  premature  t r a n s i t i o n  t o  
t u r b u l e n t  f l ow w a s  p r e v e n t e d ,  

A t  t h e  

T r a n s i t i o n  measurements  on t h e  wing a l o n e  and on  t h o  
wing-nace l l e  (NACA 133-30) u n i t  i n  t h e  j u n c t i o n  i n d i c a t e d  
t h a t  b o t h  would a t t a i n  t h e i r  l owes t  d r a g  c o e f f i c i e n t s  a t  
t h e  same Boynolds number. From t h e  f l i g h t  t e s t  r e s u l t s  o f  
t h e  NACA 35-215 a i r f o i l  g i v e n  i n  r e f e r e n c e  3,  i t  i s  con- 
s i d e r e d  t h a t  t h e  l o w e s t  d r a g  c o e f f i c i e n t  f o r  t h i s  s e c t i o n  
w i t h  t h e  same s u r f a c e  c o n d i t i o n s  w i l l  occur  a t  a Reynolds  
number o f  a p p r o x i m a t e l y  22 m i l l i o ' n .  Henm i t  i s  concluded  
t h a t  b o t h  wing-nace l l e  u n i t s  w i t h  t h a  same s u r f a c e  condi -  
t i o n s  would also a t t a i n  t h e i r  Lowest .drag c o e f f i c i e n t s  a t  
about  t h i s  Reynolds  number and t h a t  t h e  c o r r e s p o n d i n g  i n -  
crement  &r.ag c o e f f i c i e n t  would be a p p r o x i m a t e l y  0.016 in 
t e r m s  of  t h e  p r o j e c t e d  f r o n t a l  a r e a  o f  n a c e l l e ,  

Past e x p e r i e n c e  h a s  i n d i c a t e d  t h a t  a f a i r  v a l u e  o f  t h e  
d r a g  c o e f f i c i e n t  o f  a n  a i r f o i l  a t  Reynolds  numbers of  t h e  
o r d e r  of 1 0  m i l l i o n  nay be found by c o n s i d e r i n g  t h e  area 
ahead  o f  t h e  minimum p r e s s u r e  p o i n t  t o  have a d r a g  c o e f f i -  
c i e n t  p e r  s q u a r e  f o o t  o f  s u r f a c e  of  0,0005 when s u b j e c t e d  
t o  l a m i n a r  f l o w ,  and a f t  o f  m i n i m u m  p r e s s u r e  0.0034 when 
s u b j e c t e d  - t o  t u 2 b u l e n t  f l o w ,  ox t o  a s e p a r a t e d  la-minar f l o w  
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f o l l o w e d  by t u r b u l e n t  f l o w .  A s  a n  example such a ne thod 
would p r s d i c t  a d r a g  c o e f f i c i e n t  o f  0,0039 f o r  the wing 
axone ,  wh'icl.1 3.s i n  e x c e l l e n t  a g r e e n e n t  w i t h  t h e  r e s u l t s  o f  
t h e s e  t e s t s .  The same ne thod  would p r e d i c t  a n  increment  
d r a g  c o e f f i c i e n t  due t o  t h e  n a c e l l e  . g f  0.014, - 'based on t h e  
p r o j e c t e d  f r o n t a l  area o f  t h e  n a c e l l e ,  which i s  fn r eason-  
a b l y  s a t i s f a c t o r y  agreement  w i t h  the t e s t  r e s u l t s .  

To de te rmine  t h e  e f f e c t  of p rema tu re  t r a n s i t i o n  on - the .  
d r a g ,  a n  a t t e m p t  w a s  made t o  r r f i x t l  t r a n s i - t i o D  a t  t h e  2- 
p e r c e n t  c h a r d  p o s i t i o n  a f t  o f  t h e  l e a d i n g  edge i n  t h e . f o u r  
j u n c t i o n s  o f  wing and n a c e l l e  (BACA 133-30) s u r f a c e s - w i t h  
small s p h e r e s  ( a p p r o x i m a t e l y  3 /16- inch  d i a m e t e r )  a f f i x e d  t o  
the s u r f a c e .  The e f f e c t  o n  t h e  d r a g - c o e f f i c i e n t  i n  terms 
o f  . t h e  p l a n  f o r m  a r e a  w a s  about  0,0004 and i t  w a s  conclud-  
ed  t h a t ,  because  o f  t h e  markedly f a v o r a b l e  p r e s s u r e  g s a d i -  
e n t  i n  t h i s  v i c i n i t y ,  p e r h a p s  t h e s e  b a l l s  had n o t  r e v e r s e d  
t h e  l o c a l  p r e s s u r e  g r a d i e n t  s u f f i c i e n t l y  t o  promote t r a n -  
s i t i o n  t o  t u r b u l e n t  f l o w .  A c c o r d i n g l y ,  t h e  b a l l s  were r e -  
p l a c e d  wi th  s t s i p s  o f  carborundum-coated cellophane t a p e  
s p r e a d  i n  a 3.F 'v ( a p p r o x i m a t e l y  t h e  "mixing  l e n g t h "  an- 
g l e )  i n  t h e  f o u r  c o r n e r s  and r u n n f p g  about 1 5 - p e r c e n t ~ c h o r d  
i n  t h e  d i r e c t i o n  o f  t h e  a i r  f l o w .  T h i s  i n c r e a s e d  t h e  drag 
c o e f f i c i e n t  ahout  0.0010. An a t t e m p t  w a s  made t o  d e t e r -  
mine whether  or n o t  t r a n s i t i o n s h a d  been f i x e d  a t  t h e  nose  
by t h e s e  s t r i p s  b u t ,  because  o f  t h e  t h i n  boundary l a y e r  i n  
t h e  f a v o r a b l e  p r e s s u r e  g r a d i e n t ,  t h e  boundary- layer  p r o f i l e  
cou ld  not  be measured a c c u r a t e l y  enough t o  -a ' l low any con- 
c l u s i o n s  t o  be r e a c h e d ,  F5naXly t h e  carborundum s t r i p  w a s  
e x t e n d e d  t o  40-percent  chord .  The e f f e c t  on t h e  d r a g  i s  
shown on f i g u r e s  9 ,  10,  and 13 on the  c u r v e s  marked "wing 
+ NACA 133-30 n a c e l l e  w i t h  t r a n s i t i o n  f i x e d  i n  junc t ion . '  
E x p e r i e n c e  h a s  shown carborundum t o  be a n  e f f e c t i v e  means 
f o r  f i x i n g  t r a n s 5 t i o n  but t h i s  e x p e r i e n c e  h a s  been  o b t a i n e d  
f r o m  e x p e r i m e n t s  on two-dimansional  b o d i e s  h a v i n g  only  mod- 
e s a t e l y  f r v o r a b l e  p r e s s u r e  g r a d i e n t  s. I n  consequence i t  
cannot  be s t a t e d  d e f i n i t e l y  whether  o r  n o t  t r a n s i t i o n  was 
f i x e d  a t  o r  v e r y  n e a r  t h e  b e g i n n i n g  of  t h e  j u ~ c t i a n  w i t h  
t h e  carborundum V s t r i p s .  The f a i l u r e  of t h e  s p h e r e s  and 
t h e  carborundum s t r i p s  t o  i n c r e a s e  tihe drag a p p r e c i a b l y  may 
be due t o  t h e  p e c u l i a r  t h r e e - d i m e n s i o n a l  f l o w  i n  t h e  junc-  
t i o n ,  which. i s  n o t  w e l l  u n d e r s t o o d ,  

Boundary-layer  t l c r o s s  f l o w : "  phenomenon of c o n s i h e r -  
. - ab le  i n t e r e s t  which w a s  observed  i n  t h e s e  t e s t s ,  a r i s e s  in 
t h e  f a l l a w i n g  manner. The p r e s s u r e s  nea r  t h e  wing-nace l le  
j u n c t i o n  are  lower t h a n  a t  c o r r e s p o n d i n g  spanwise p o i n t s  
on t h e  wing s e c t i o n s  d i s t a n t  from t h e  n a c e l l e ,  I n  conse-  
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quence t h e  l o w - v e l o c i t y  boundary- layer  a i r  n e a r  t h e  s u r f a c e  
i s  caused  t o  f l ow t o w a r d  t h i s  r e g i o n  a f  l o w e r  p r e s s u r e .  
T h i s  c r o s s  f l o w  w i l l  be more pronounced t h e  t h i c k e r  t h e  
boundary l a y e r  and  w i l l  be m o s t  marked f o r  s e p a r a t e d  bound- 
a r y  l a y e r s  which, p e r  s e ,  a r e  s u b j e c t  t o  n e g l i g i b l e  s h e a r s  
i n  t h e  f l o w  d i r e c t i o n .  The wake s u r v e y s  of f i g u r e  15 show 
t h e  e x i s t e n c e  o f  t h e  c ros s  f l o w ,  which i s  s e e n  t o  be m o s t  
severe .  a t  t h e  l a w e r  Reynolds  numbers where t h e  s e p a r a t e d  
boundary - l aye r  r e g i o n  a f t  o f  minimum p r e s s u r e  i s  m o s t  ex- 
t e n s i v e .  

I t  shou ld  be n o t e d  t h a t  when i n t e r - b o u n d a r y - l a y e r  
c r a s s  f l o w  e x i s t s ,  t h e  wake method d o e s  not  p e r n i t  s e c t i o n  
d r a g  c h a r a c t e r i s t i c s  t o  be o b t a i n e d ,  s i n c e  t h e  wake unde r  
such c o n d i t i o n s  nay  i n c l u d e  boundary- layer  a i r  from ne igh -  
b o r i n g  s e c t i o n s  on t h e  one hand o r ,  on t h e  o t h e r  hand ,  may 
n o t  i n c l u d e  a l l  t h e  boundary- layer  a i r  f r o m  t h e  s e c t i o n  
under  c o n s i d e r a t i o n .  That t h i s  occur rod  i n  t h e  p r e s e n t  i n -  
v e s t i g a t i o n  i s  shown i n  f i g u r e  1 5 ,  where in  t h e  a p p a r e n t  
s e c t i o n  d r a g  c o e f f i c i e n t s  o f  t h e  s e c t i o n s  immedia te ly  ad-  
j a c e n t  t o  t h e  n a c e l l e  a r e  a b s u r d l y  l o w .  

I t  i s  c o n s i d e r e d  t h a t  i n t e r - b o u n d a r y - l a y e r  c r o s s  f l o w  
i s  a l s o  r e s p o n s i b l e  f o r  t h e  f a c t  t h a t  t h e  maximum l i f t  co- 
e f f i c i e n t  a t t a i n e d ’  by t h e  w i n g - n a c e l l e  u n i t  i s  h i g h e r  t h a n  
f o r  t h e  wing a l o n e  as shown b r  f i g u r e  1 6 .  The p r e s s u r e -  
d i s t r i b u t i o n  measurements showed tha t  t h e  l i f t  on t h e  na- 
c e l l e  and  a t  t h e  wing-nace l l e  j u n c t i o n  d i d  not .  acoount  f o r  
t h e  i n c r e a s e  as  s e e n  i n  f i g u r e  1’7. I t  f o l l o w s  t h a t  t h e  
ou tboa rd  a i r f o i l  s e c t i o n s  a t t a i n e d  h i g h e r  maximum l i f t  C O -  
e f f i c i e n t s  i r ,  t h e  p r e s e n c e  u f  t h e  n a c e l l e  which would  i n -  
d i c a t e  t h a t  t h e  c r o s s  f l o w  i n  e f f e c t i v e l y  p r o v i d i n g  
boundary- layer  c o n t r o l  by d r a i n i n g  o f f  t h e  low-energy bound- 
a r y  l a y e r  on t h e  u p p e r  s u r f a c e  o f  t h e  ou tboz rd  s e c t i o n s  i n -  
proved  t h e  maximum l i f t  of . t h e s e  s e c t i o n s .  

. I  

Boundary- layer  su rveys  i n d i c a t e d -  t h a t  on t h e  w i n g  
a l o n e  and gn t h e  t o p  m e r i d i a n  of t h e  n a c e l l e  t h e  l a m i n a r  
p r o f i l e s  were o f  t h e  Blas ius  t g p e .  -4t t h e  wing j u n c t i o n  
t h e  p r o f i l e s  were no t  of t h e  u s u a l  shape i n  t h a t  sone 
s l i g h t  i n f l u e n c e  o f  f l u i d  f r i c t i o n  ex tended  f a r  ou t  f r o n  
t h e  s u r f a c e .  T h i s  w a s  t o  be e x p e c t e d ,  s i n c e  i n  p r o g r e s s -  
i n g  away from tht: s u r f a c e  of t h e  wing ( o r  n a c e l l e ) ,  w h i l e  
t h e  i n f l u e n c e  o f  t h e  wing ( o r  n a c e l l e )  s u r f a c e  aba te s , ’ - the  
i n f l u e n c e  of n e i g h b o r i n g  n a c e l l e  ( o r  wing) s u r f a c e  r ema ins .  
I t  w a s  n o t  c o n s i d e r e d  t h a t  a n y  o f  t h e  n e a s u r e d  p r o f i l e s  
would be o f  s u f f i c i e n t  i n t e r e s t  t o  w a r r a n t  t h e i r  i n c l n s i o n  
i n  t h e  r e p o r t .  
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A s  s e e n  i n  f i g u r e  18 ,  t h e  measured boundary- layer  
+ t h i c k n e s s e s  on t h e  wing alone And on t h e  t o p  mer id i an  of 
t h e  n a c e l l e  ngree w e l l  w i t h  those c a l c u l a t e d  by t h e  method 
o f  r e f e r e n c e  4.  The boundary l a y e r  i n  t h e  j u n c t i o n  i s ,  as 
would be e x p e c t e d ,  c o n s i d e r a b l y  t h i c k e r  t h a n  on t h e  wing 
a l o n e  . % o r e o v e r ,  t h i s  boundary l a y e r '  appears t o  be con- 
s i d e r a b l y  more s ' tablc t h a n  t h e  usual wing l a m i n a r '  boundary 
l a y e r s  which may be a r e s u l t  of t h e  I rguiding" i n f l u e n c e  of 
t h e  V s u r f a c e ,  U n f o r t u n a t e l y  t h e  model Reynolds  number 
cou ld  n o t  be made h i g h  enough t o  s t u d y  t h e  aerodynamic 
c h a r a c t e r i s t i c s  w i t h  n a t u r a l  t r a n s i t i o n  ahead o f  t h e  min- 
i m u m  p r e s s u r e  p o i n t .  

. The c u r v e s  of % i g u r e s  6 and 1 6  i n d i c a t e  t h a t  f e r  this 
a i r f o i l  s ec t ; t on ,  w i t h  t h e  wing a l o n e  and p e r h a p s  t h e  wing- 
n a c e l l e  u n i t ,  a s l i g h t  s h i f t  in. t h e  moment c o e f f i c i e n t  ac- 
companies  t h e  t r a n s i t i o n  f r o m  the  low-0rag t o  t h e  h i g h e r -  
d r a g  a t t i t u d e ,  b u t  t h i s  s h i f t  i s  i n  t h e  o p p o s i t e  and f a v o r -  
a b l e  d i r e c t i o n  t o  t h a t  u s u a l l y  expor i enced  on l o w - d r a g  
a i r f o i l s  w i t h  minimum p r e s s u r e  f a r t h e r  back a , long  t h e  c h o r d .  
T h i s  s m a l l  moment s h i f t  was p r n c 5 i c a l l y  t h e  same at all 
t e s t  Reynolds numbers. Eo accompanying s h i f t  i n  t h e  c u r v e  
o f  l i f t  a g a i n s t  a n g l e  o f  a t t a c k  was a p p a r e n t ,  as seen  i n  
t h e s e  ftgxx-es, 

W i t h i n  t h e  s m a l l  range.  o f  t e s t  Mach numbers a v a i l a b l e  
t h e  c a l c u l a t e d  e f f e c t  of f l u i d  c o m p r e s s i b i l i t y  on t h e  
p r e s s u r e  d i s t r i b u t i o n  over  t h e  wing a l o n e ,  8,s g i v e n  by t h e  
von KArrnAn-Tsien e q u a t i o n  ( r e f e r e n c e  6 ) ,  as w e l l  as t h e  
l e s s  e x a c t  G l a u e r t - P r a s d t l  r e l a t i o n  ( r e f e r e n c e  71,  w a s  
found t o  s a t i s f a c t o r i l y  e x p l a i n  t h o  o b s e r f e d  d i f f e r e n c e s  
i n  t h e  d i s t r i b u t i o n s  w i t h i n  t h e  e x p e r i m e n t a l  accu racy .  

By t h e  "method: of s m a l l  p e r t u r b a t i o n s "  ( r e f e r e n c e  6 )  I 

I t  h a s  been  shown t h a t  t h e  G l a u e r t - P r a n d t l  r e l a t i o n  shou ld  
app ly  a s  well t o  t h r e e - d i m e n s i o n a l  b o d i e s .  The e x p e r i -  
men ta l  p r e s s u r e  d i s t r i b u t i o n s  a l o n g  t h e  wing-nac 'e l le  junc- 
t i o n  shown i n  f i g u r e  23, whLch have been s o  c o r r e c t e d ,  d o  
n o t  p r e c i s e l y  c o i n c i d e .  I t  i s  c o n s i d e r e d  t h a t  %his d i S -  
c repancy  i s  a g a i n  a r e s u l t  of i n t e r -boundary - l aye r  c r o s s  
flow. The lower s u r f a c e  p r e s s u r e s  o c c u r  a t  t h e  lower 
Reyno lds  numbers s i n c e  %hen t h e  c r o s s  f l o w  i s  g r e a t e r ,  s o  
that  t h e  e f f e c t i v e  t h i c k n e s s  r a t i a  i s  l e s s .  That  t h i s  
would a p p e a r  t o  e x p l a i n  t h e  a i s c r e p a n c y  i s  snown by t h e  
f a c t  t h a t  by f i x i n g  t h e  t r a n s i t i o n  at c l o s e  t o  . t h e  0.5- 
chord  p o s i t t a r t ,  t h e  measured p r e s s u r e s  were f u r t h e r  d i -  
mini  shed  . 
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On f i g u r e  23 t h e  j u n c t i o n  p r e s s u r e  d i s t r i b u t i o n  ca1.- 
c u l a t e d  by t h e  “ s u p e r p o s i t i o n  methodll of r e fe rence .  1, 
based  on the t h e o r e t i c a l  n a c e l l e  and e x p e r i m e n t a l  wing 
p r e s s u r e  d i s t r i b u t l o n s ,  i s  shown. T h i s  c a l c u l a t e d  d i s t r i -  
b u t i o n ,  b a s e d  on  r e l a t i v e l y  c r u d e  a s s u m p t i o n s ,  i s  seen  t o  
be i n  r e a s o n a b l y  good agreement  w i t h  t h e  measured p r e s s u r e s .  
The d i s c r e p a n c i e s  t h a t  e x i s t  a r e  seen  t o  be l a r g e l y  t h e  
r e s u l t  of t h e  in t e r -boundary - l aye r  cross f l o w .  These r e -  
s u l t s  i n d i c a t e  t h a t  t h e  use of t h e  s u p e r p o s i t i o n  method i n  
p r e d i c t i n g  t h e  c r i t i c a l  Iviach number w i l l  y i e l d  a conserv-  
a t i v e  e s t ima te ,  and  t h a t  t h e  e s t i m a t e  w i l l  be s a t i s f a c t o r y .  
i f  t r a n s i t i o n  t o  t u r b u l e n t  f l o w  Occurs a t  o r  s l i g h t l y  a f t  
o f  t h e  minimum p r e s s u r e  ; ? o s i t i o n ,  I n  t h e  p r e s e n t  i n s t a n c e  
t h e  p r e d i c t e d  c r i t i c a l  Mach number based  o n  t h e  c a l c u l a t a d  
minimum p r e s s u r e  i s  0.57, based  on t h e  e x p e r i m e n t a l  mini-  
mum g r e s s u r e  w i t h  t r a n s i t i o n  f i x e d  at 0.5 chord  i S ” o . 5 8 s  
asd  based on t h e  e x p e r i m e n t a l  minimum p r e s s u r e  wit-h tran- 
s i t i o n  f r e e  a t  8.3 m i l l i o n  Eegno l&s  number i s  C.59. The 
t endency  t o  l o w  c r i t i c a l  Mach numbers i s  u n f o r t u n a t e l y  a 
c h a r a c t e r i s t i c .  of t h e s e  l o w - d r a g  wing-nace l le  u n i t s  a s  
t h e  minimun p r e s s u r e  p o s i t i o n s  o f  t h e  wing and na-ceL1e 
a r e  p u r p o s e l y  made c o i n c i d e n t .  The s i t u a t i o n  i s  a g g r a v a t -  
ed i n  t h e  p r e s e n t  i n s t a n c e  by t h e  low- f ineoess  r a t i o  Of 
t h e  n a c e l l e  bu t  i t  i s  a n t i c i p E t e d  t h a t  such low-f ineness-  
r a t i o  n a c e l l e s  w i l l  i n  g e n e r d  be enploged o n l y  f o r  p u s h e r -  
p r o p e l l e r  e n g i n e  u n i t s ,  i n  which c a s e  a i r  i n d u c t i o n  a t  
t h e  nose w i l l  s e r v e  t o  r educe  t h e  maximum n e g a t i v e  p r e s -  
s u r e  and  s o  i nc r ’ ease  t h e  c r i t i c a l  Mach number. A node l  
wing e n g i n e  n a c e l l e  u n i t  s u i t a b l e  f o r  p u s h e r - p r o p e l l e r  i n -  
s t a l l a t i o n  is under  c o n s t r u c t i o n  f o r  t e s t  i r ,  t h e  7- by 
l 0 , f o o t  t u n n e l .  T h i s  model, equipped  f o r  nose a i r  induc-  
t i o n ,  i s  s i m i l a r l y  d e s i g n e d  t o  p r e v e n t  p rema tu re  t r a n s i -  
t i o n  t o  t u r b u l e n t  f l o w  i n  the wing-nace l l e  j u n c t i o n s .  I t  
i s  p l a n n e d  t o  measure t h e  . j u n c t i o n  p r e s s u r e  d i s t r i b u t i o n s  
s o  a s  t o  o b t a i n  q u a n t i t a t i v e  r e s u l t s  on t h e  e f f e c t  O f  i n -  
t e r n a l  a i r  f l o w  on t h e .  c r i t i c a l  Mpch number. 

The r e s u l t s  of t h e  t e s t s  o f  t h e s e  wing-nace l le  u n i t 6  
show t h a t  

1. B y  making t h e  nose of  t h e  n a c e l l e s  an& t h e  
l e a d i n g  edge o f  t h e  w i n g  c o i n c i d e n t ,  t h e  t r a n s i t i o n  
from l amina r  t o  t u r b u l e n t  f l o w  a t  or  n e a r  t h e  common 
nose may be a v o i d e d ;  ana 
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2. By s o  s.hap9ng t h e  n a c e l l e  t h a t  the chordwise 
l o c a t i o n  of t h e  minimum p r e s s u r e  p o i n t  on t h e  n a c e l l e  . 
i s  c o i n c i d e n t  w i t h  t h a t  f o r  t h e  wing, and by aaking 
t h e  p r e s s u r e  g r a d i e n t  ahead of t h e  ninimurn p r e s s u r e  
p o i n t  s u f f i c i e n t l y  f a v o r a b l e ,  

t r a n s i t i o n  nay be ma in ta ined  a t  o r  back of t h e  spanv i se  
l i n e  o f  minimum p r e s s u r e s  up t o  a s  h i g h  Reynolds  nunbers  
is f o r  t h e  i s o l a t e d  wing. I n  consequence,  t h e  d r a g  i n c r e -  
ment due t o  t h e  a a c e l l e s  i s  reduced  t o  f r o n i  one-half  . t o  . 

two- th i rds  o f  t h a t  for t h e  u s u a l  n a c e l l e  fbrlil wherein t h e s e  
c o n d i t i o n s  a r e  not  f u l f i l l e d .  

The i n t r o d u c t i o n  o f  t h e  n a c e l l e s  on t h e  wing 

1. reduced t h e  c r i t i c a l  speed. as  e s t i n a t e d  f r o m  
s u b c r i t i c a l  p r e s s u r e  measurements ,  

2, .made p o s s i b l e  a n  i n c r e a s e  i n  t h e  maximum l i f t  
c o e f f i c i e n t  of t h e  r i n i t ,  and  

3. produced no a d v e r s e  e f f e c t s  on t h e  l i f t  and 
qua r t e r - chord  moment c h a r a c t e r i s t i c s .  

The neasured s u b c r i t i c a l  p r e s s u r e  d i s t r i b u t i o n s  i n d i - .  
c a t 0  t h a t  t h e  c r i t i c a l  speed o f  t h e  juncSion o f  such wing- 
n a c e l l e  u n i t s ,  u s i n g  t h e  s u p e r p o s i t i o n  method o f  r e f e r e s c e  
1, will be c o n s e r v a t i v e l y  p r e d i c t e d ,  

Other  e x p e r i n e n t a l  i n v e s t i g a t i o n s  ( r e f e r e n c e  2) of  
nose openings f o r  a i r  i n d u c t i o n  i n  low-drag b o d i e s  have 
shown t h a t  p rov ided  such open izgs  a r e  properLy f o r n e d , ' t h e  
low-drag p r o p e r t i e s  of  t h e  boay nag be n a i n t a i n e d .  Hence 
it i s  concluded t h a t  t h i s  method f o r  m a i n t a i n i n g  l o w  d r a g s  
a t  t h e  j u n c t i o n  o f  t w o  ae rodynan ic  b o d i e s  nay be a p p l i e d  
g e n e r a l l y  t o  wing-nace l le  u n i t s  w i t h  nose openings  (pushe r  
p r o p e l l e r  engine  u n i t s ,  n i l i t a r ' y  arnament)  a s  well as  with- 
o u t  nose*open ings  ( l a n d i n g  g e a r s ) .  

Because of t h e  h i g h  t u r b u l e n c e  l o v e 1  i n  aa p r o p e l l e r  
s l i p s t r e a n  i t  i s  not  c o n s i d e r e d  t h a t  t h i s  method f o r  na in -  
t a i n i n g  low d r a g s  nay be a p p l i e d  t o  w ing-nace l l e  conbina-5 
t i o n s  hous ing  t r a c t o r  propel lexr  eng ine  u n i t s .  

The d r a g  o f  t h e  wing-nace l le  ulzit was, i n  t h e  p r o s e a t  
i l i s t a n c e ,  lxtrgely accounted  f o r  by t h e  f r i c t i o n a l  d r a g  of  
tbio l a n i n a r -  ?.Ed t u r b u l e n t - f l o w  a r e a s .  I t  would accord-  
i n g l y  appear  a d v i s a b l e  when h o u s i n g  a p r o p u l s i o n  u n i t  o r  a 
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Landing-gear unlt, f o r  example t o  p rov ide  s e p a r a t e  na- 
c e l l e s  f o r  each ( c o n p r e s s l b i l i t y  e f f e c t s  p e r n i t t i n g )  I 

r a t h e r  t h a n  t o  l e a g t h e n  one n a c e l l e  t o  p r o v i d e  housing f o r  
b o t h  u n i t s .  The former a e t h o d ,  p r o v i d i n g  t h e  l e a s t  t u rbu -  
l e n t  a r e a  even though t h e  t o S a l  are8 i s  g r e a t e r ,  should  
produce t h e  l e a s t  drag. 

Anes A e r o n a u t i c a l  Labora to ry ,  
Nat - iona l  Adv i so ry  C o n n i t t e e  f o r  A e r o n a u t i c s ,  

Moffe t t  Y i e l d ,  C a l i f .  
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2. 

3. 

4 .  

5 .  

5 .  

7. 

Robinson,  R u s s e l l  G. ,  and Wright ,  R a y  H. :  Es t imak ion  
o f  ' C r i t i c a l  Speeds o f  Airfoils and S t r e a m l i n e  Bod- 
i e s .  XACA A . C . R . ,  March 1940.  

Becke r ,  John V,: Wind-Tunnel T e s t s  of A i r  I n l e t  and 
O u t l e t  Openings o n  a S t r e a m l i n e  Body. RAGA A . C . R . ,  
Xov.  1940. 

Wetmore, J. W., Zalovc ik ,  2, A , ,  and  P l a t t ,  P o b e r t  e . :  
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a c t e r i s t i c s  and P r o f i l e  Drag o f  t h e  XACA 35-215 
Laminar-Flow A i r f o f l  at High Reynolds  Xumbers. 
C o n f i d e n t i a l  Memorandum Beport  f o r  Army A i r  Carps,  
Nay 19-41, 
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A e r o n a u t i c s .  Bep. B o ,  1 1 6 ,  EASA, 1921. 

von K & r m & n ,  Th.: C o n p r e s s i b i l i t y  I f f e c t s  i n  Acrodynam- 
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T m L E  III 

O r d i n a t e s  of NACA 133-30 X a c e l l e  

X 
D i s t a n c e  along 
center l i n e  

~~ 

P e r c e n t  L 

0 
1.250 
2 . 500 
5.000 
7.500 
10 . 000 
15,000 
20.000 
25.000 
30.000 
35,000 
40.000 
45.000 
50,000 
55.000 
60.000 
65,000 
70,000 
75.000 
80.000 
85.000 
90.000 
95.000 

100.000 

I n c h e s  

0 
0.90 
1.80 
3-60 
5 -40 
7.20 

10.80 
14.40 
18 .OO 
21 -60 
25.20 
28.80 
32.40 
36.00 
39.60 
43.20 
46.80 
50.40 
54 . 00 
57.60 
61.20 
64.80 
68.40 
72.00 

r 

Radius 

P e r c e n t  L 

0 
3.318 
4,680 
6,598 
8 -043 
9.238 

11 2 6 4  
12.656 
13.789 
14,573 
15.002 
15.098 
14.919 
14.532 
13.391 
13.329 
12.563 
11.697 
10.725 
9,626 
8.360 
6.841 
4.846 
0 

Inches  

0 
2.39 
3 -37 
4.75 
5.79 
6.65 
8.04 
9.11 
9.93 

10.49 
10.80 
10.87 
10.74 
10.46 
10.07 
9.60 
9.05 
8 -42 
7.72 
6-93 
6.02 
4.93 
3 -49 
0 
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NACA Figs- 4.5 



NACA Figs.. 6,7 



NALH 

Figure 8.-*Section drag coefficient variation with Reynolds number for NACA 
35-215 wing. 

Reynolds number 
(millions,t 

Figure 9,- Force test drag coefficient variation with Reynolds number 
Qc = 00. GI, = .1-20. 



NACA Figs. 10,ll 

Reyno/ds number 
(mi4ions) 

Figure 10.- Force test drag coefficient variation with Reynolds number 
a =  1.06O, CL = .233. 

Figure -11.- Force test drag coefficient variation with Reynolds number 
OL = 2.140, CL = .335. 



NACA Figs.  12,.13 

Figure (12,- Force test drag coefficient variation with Reynolds number 
Q! = 4.27', CL = .565. 

Reynolds number 
fmlillio/7sj 

Figure 13.- Variation of nacelle drag coefficient based on projected 
frontal.area with Reynolds number. 





Figs. 16,17 



Figs .  18,19 



NACh Figs, 20,Zl 



NACA. Figs. 22,23 
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